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ABSTRACT
This thesis documents the methodology and parameters used in designing a man-
power planning model using the Grade / Time-in-Grade model for controlling the com-
position of Indonesian Army officers. This model of a manpower system consists of a
two-dimensional state space Markov Model with special structure. The model provides
manpower planners with the capability of testing alternative policies and adjusting
model parameters to improve the use of personnel resources that are from three sources
(Military Academy, Officer Military School, Officer Candidate School). Use of the model
is illustrated in a detailed analysis of its application to Indonesian Army officers in
steady-state. The calculations of stocks, time in grade or time in military, and promotion
rate for every rank are included as the model's output. The thesis is presented with the
user in mind, emphasizing the importance of a thorough understanding of the factors
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The Defense Manpower System is essentially a closed hierarchical structure that is
subject to the constant changes in the economy and in government policies. A dynamic
environment such as this routinely dictates that a manpower manager possess the ca-
pability of rendering not only timely, accurate, and decisive solutions to immediate per-
sonnel problems, but also of preparing to predict and analyze long-range effects of
available alternatives.
The Manpower planners of the Indonesian Army currently want to have a small
organization that is effective. The officer personnel part of the organization in accord-
ance with the organization's need have to control the total number of officers in the
organization, the number of personnel for every grade, and time in grade for every rank.
The officer personnel composition control can not be detached from the factors of un-
certainty which create difficulties in the planning process.
In composition control of the Indonesian Army, three main problems encompass
the appointment of officers. They are:
1. Recruitment.
Officers are usually recruited from three different sources, namely (1) the Mili-
tary Academy (MA) whose graduates are directed for long range goals, (2) the
Military School (OMS), and (3) the Officer Candidate School (OCS). Officers from
these last two are directed for short-range purposes. The age difference from these
three sources at the time of their appointment as officers, can be seen from the
entry of the type of officers.
2. Promotions.
Promotion are given to those who have achieved outstanding performance in
the military as well as in civic mission.
3. Separation from the Indonesian Army organization.
Separation from the Indonesian Army usually due to termination of office in-
cludes discharge with honor as well as unhonorable discharges.
B. BACKGROUND
The Indonesian National Army, known as the Tentara Nasional Indonesia
Angkatan Darat with the acronym of TNI-AD, is an integral part of the ABRI (the
Armed Forces of the Republic of Indonesia) that is directly under the command of the
commander of the Armed Forces. TNI-AD's main functions are:
1. To uphold the sovereignty of the state on land. To defend the entity of the national
region together with the whole of the defence forces components of the state.
2. As a social force, to participate, actively in matters of social politics in the frame-
work of securing and b:ing to success the struggle of the people towards the inde-
pendence as well as in raising the welfare of the entire population of Indonesia
based on the Pancasila (Five Principles) and the UUD 1945 (the 1945 Consti-
tutions).
3. To guarantee the safety: security of enterprise and activities and the execution of
the main duty of the TNI-AD.
The TN I-AD is organized in 2 levels namely, the HQ (Head Quarters) level of
TNI-AD with the acronym of (MABESAD) and the Komando Utama TNI-AD (Main
Command of the Indonesian Army) with the acronym (KOTAMA TNI-AD). The
MABESAD level consists of a Leadership Echelon, a Staff Echelon, a Maintenance
Echelon, and the Execution Staff Echelon.
The Main Command level of the TNI-AD is composed of the Strategic Reserve
Command of TNI-AD (KOSTRAD), the Special Force Command (KOPASUS) and the
Military Area Command (KODAM). The organization structure of the Units that
comprise of the Operation Units, the Supporting and Maintenance Units, the Territorial
Units, the Intelligence Units organized based on the Organization Table and Personnel
(TOP, "Tabel Organisasi dan Personil") along with the Personnel Organization List and
Equipment (DSPP, "Daftar Susunan Personil dan Peralatan").
The organization of the units are based on TOP (for Operation Units and Intelli-
gence Units) and DSPP (for Territorial Units and Supporting and Maintenance Units).
This organization is designed for the allocation of personnel needed by the organization
for executing their main duty as well as for controlling composition of the personnel.
The rank composition of the units will determine the rank composition within the or-
ganizational circle of TNI-AD.
Officers are the leader elements within the TNI-AD organization, and start their
career from the time they are commissioned as 2nd Lieutenant. During active duty, an
officer is provided with various kinds of knowledge through formal as well as informal
education, along with experience from assignments in various positions. Going through
the various assignments an officer is evaluated and thereby receives a promotion as an
appreciation for their achievement(s).
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Transitions occur during an officer's career within the scope of the TNI-AD organ-
ization. These transitions include promotion as an appreciation for their achievement
during the execution of their duties, and separation from TNI-AD. The promotion
transitions constitute the functions of input and the output that occur to and from all
ranks. Recruitment results in input to the rank of 2nd Lt. The separation from TNI-AD
encompass officers who are pensioned, or leave the TNI-AD organization.
To uphold the main duty of TNI-AD, control of the composition of officers is
ncedcd, including a plan for the filling-in of officer personnel in accordance with the need
of the organization.
C. OBJECTIVE
The purpose of this thesis is to apply the Grade / Time-in-Grade manpower model
found in Ref. 3 to analyze the officer composition of the Indonesian Army (TNI-AD).
This model is a Markov model with a 2-dimensional state space. As Zhe name implies,
each state in the Markov chain consists of a grade and the length of time an officer has
been in that grade. Time periods are years, and the grades are the six ranks from 2nd
Lt through Colonel.
The planning of the appointment/commissioning of officers from the Military
Academy (MA), the Officer Military School (OMS), and the Officer Candidate School
(OCS) sources, is important for the control of the officers rank composition within the
TNI-AD organization.
This model provides the following results: the time-in-military as well as time-in-
grade for each source (MA, OMS, OCS), and the number of personnel and total years
in each grade. The model is designed to provide the manpower manager with a method
of measuring the effects in planning of future policy changes on the rank structure of
TNI-AD. Examples are used to illustrate this.
D. ORGANIZATION OF THE THESIS
The concepts involved in the Grade 1 Time-in-Grade Model are covered in the sec-
ond chapter. In Chapter III the APL programs for calculation in the Grade / Time-in-
Grade model is provided. Chapter IV presents the application of this model to the
Indonesian Army (TNI-AD). Chapter V gives conclusions and recommendations.
I1. THE GRADE / TIME-IN-GRADE MODEL
A. INTRODUCTION
The development and use of manpower planning models within the TNI-AD would
provide policy makers with the capability of early detection and selection of appropriate
responses to potential manpower problems. In addition, adoption of these models to
existing computer technology could significantly enhance the policy-making process,
offering considerable saving in time and accuracy. There is, however, an inherent human
shortfall associated with the acceptance of any computer-driven model. All too fre-
quently, after the model has become a part of an established system, the policy maker
blindly accepts the computer's results without understanding what the model does and
why.
In an attempt to overcome this shortfall, Chapter I I discusses in some detail the
methods used in designing the Grade,' Time-In-Grade model [Ref. 1: p. xx].
B. MODEL DESCRIPTION
A mathematical model is the structuring of a set of pertinent parameters arising
from a given problem into a mathematical equation. In its mathematical form the model
can then be used to assist in solving that problem. The Grade / Time-in-Grade Model
is chosen to structure the TNI-AD officer manpower system. Each officer is counted at
discrete time points (yearly), and at each of these times the officer is given a two-
dimensional state, (ij). The first index represents the officers first characteristic (FC) or
grade of an individual in a system where no demotions can occur and where a person
cannot advance more than one grade per year, and the second index or second charac-
teristic (SC) represents the time spent in the particular grade [Ref. 3: p. 2381.
Manpower input requirements for all grades of officers from 2nd Lt. until Col. can
be filled from any of sources: MA, OMS, and OCS. The following personnel flows are
studied in the model: the number of new recruits, the number of personnel that stay in
each grade, the number of promotions, and the number of personnel that leave the sys-
tem during the given time period.
In a organization such as the TNI-AD where the manpower flow is continuous and
dynamic, it becomes extremely difficult to determine the impact of policy changes. Ex-
perts have found that an effective method of studying a system such as this is to assume
a state of equilibrium (in steady-state) [Ref. 1: pp. 9-111.
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1. Structure and Mathematical Notation
The material in this section is contained in [Ref. 3: pp. 235-251]. It is re-
produced here for convenience. The structure and mathematical notation used in the
Grade/Time-in-Grade (TIG) model as follows:
a. We assume that for planning purposes an organization considers time in discrete
neriods, and that people are counted at the end of each period. When counted,
person is assumed to possess two characteristics i and j, and is said to be in
state (ij) , where i represents the first characteristic (FC), 1 < i < n, and j re-
presents the second characteristic (SC), 1(i)< j < u(i). Here 1(i) and u(i) are the
lower and upper limits respectively for the SC when i is the FC. Also let
J(i) = [j(i) <j < u(i)], the set of SC's for FC i, and let w, be the number of el-
ements in J(i). When the SC is TIG, 1(i) = I for every i.
b. Let q,(j,m), wherej,m e J(i) be the fraction of people in state (ij) in a time period
who move to state (i,m) in the next time period, and let Q, be the w, x w matrix
[qj,m)1. For the TIG model only movement from (ij) to (ij + 1) is possible in
one time period for a given FC i when no promotion occurs. Let q,(jj + 1) = q,
forj = 1,2 .......... ,u(i) - 1. Then each Qj has the structure as follows:
0 q,. 0 - 0
0 0 q12  - 0Qi = o o- - 1 (1)
0 0 0 - qi,,0-1
-0 0 0 - -6
where transition matrix Q, has non-zero elements only immediately above the
main diagonal, and dimensions u(i) x u(i).
z. Let pi(j,m).j e J(i),m e J(i + 1) be the fraction of people in state (ij) in a time
period who move to state (i+ l,m) in the next time period, and let Pi be the
w, x w,.1 matrix fpj,m)]. For the TIG model, only movement from (ij) to(i + 1,1) is possible for a given i when promotion occurs. Let p,l) = p. Then
each matrix P, has a single column of non-zeros, with the following structure:
Pa'(1 0 - 01Thu P,4 - " (2)
Thus P, has dimensions u(i) x u(i + I).
d. Let Q be the fractional flow matrix for all active states in the system. Then Q
has the following structure:
Q, P 0 - 0 0
0 Q2  P2  - 0 0
0 0 Q3  - 0 01Q= o - - - - 9 (3)
0 0 0 - Q,- p,,_
0 0 0- 0 Qn
where the zeros, represent that matrices have all elements equal to 0.
e. Define N = (I- Q)-', where I is the identity matrix. Each element of N is the
expected number of visits to the column state starting from the row state. N is
usually called the fundamental matrix. Then N has the structure as follows:
n-I
N, NI P A'2  N P, N2P2N3  - fl(NP)N
n-I
0 N2 N2P 2 3  - 1j7JVP)Nn
0 0 0 
-Nn
n--
where N, = (I - Q- , i = 1...... n the fundamental matrix for FC i.
2. Definitions and Equations
Let T be the set of states associated with FC i; thus
T = [(i,)lje J(t)], i = 1,2 .... ,n.
Also let w, = u(i) - 1() + 1, the number of state in T (and J(i)). Finally let T be the single
state "out of the system". Note that for the TIG model wi = u(O, since /(I) = 1
Recall that we assume system matrix Q has a fundamental matrix N = (I- Q)-I
and each element of N is the expected number of visits to the column state starting
from the row state. Note that the large matrix N is completely determined by the ma-
trices N, and P,, as shown in equation ( 4 ). Thus the only matrix inversions required
6
are those of (I - Q,), i = I .... n. This is of considerable computational significance when
Q is a large matrix.
Each matrix N, has a probabilistic interpretation. We pursue this interpretation
and show that these matrices can be used to determine other probabilistic properties of
interest.
In this section we make numerous definitions and denote the k one by Dk.
Let us consider first the properties associated with a single set of states T, and define:
D I. v(j,m) = expected number of visit to state (i,m) given that FC, is entered in
state (ij),
V = a w, x w, matrix having v,(j,m) as the element in rowj - 1(i) + I and col-
umn m - 1(i) + 1.
From ( 4 ) the element of N, in row j - 1(i) + I and column m - 1(i) + 1 equals
the expected number of visit to state (i,m) given that FC, is entered in state (ij). So, from
definition D I, we have:
V, = N. (5)
Note that the rows and columns of N, and V correspond to states in T, in the same order
as the rows and columns of Q,.
Now define:
D2. ?T (j) = expected time in FC, given that FC is entered in state (i,,
T, = [r,(1()))., ,(u(i)], a w, x 1 vector. The expected time spent in FC i equals
the sum of the expected number of visits to the various states in FC i. From (5) and D2,
rI() = component U - 1(i) + 1) of A1]',
T = N1, a x I vector, (6)
where T is a vector with all components equal to one.
We next turn our attention to where the process goes when it leaves FC i. The
process upon leaving T, must enter either T, (if i < n) or T. Next define,
D3. bi,m) = probability of entering FC i + I in state (i + Im) given that FC i
is entered in state (ij),
B, = a w, x w, matrix having b,(j,m) as the element in row j - 1(i) + 1, and
column m - l(t) + 1. Note that for the TIG model, only the first column is positive.
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D4. b,(j) = probability of ever entering T, given that FC i is entered in state
(i S),
b, = [b,(l(i)),.,b,(u(i))l, a w, x 1 vector,
D5. b,0(j) = probability of never entering T,. given that FC i is entered in state
(iji),
boy = [bJ0(I(i)),....,b,(u(i))], a w, x 1 vector.
From these definitions it follows that
Bi = Nifj, a wi x wi matrix, (7)
bi = Bil, a wi x 1 vector, and (8)
bio= - b
The matrix B, is particularly useful in manpower policy analysis. For example
letf be a 1 x w, vector of the number of people entering T,. ThenfB, is a I x w,., vector
of the number of these people who will evetually enter T,,. Thus B, can be used to reveal
the promotion structure in the Grade'TIG model.
Next we consider the first-order properties related to FC i and k where i _ k.
Define :
D6. b((ij),(k,m)) = probability of entering FC k in state (k,m) given that FC i
is entered in state (i.j),
B,k = a w, x wk matrix having b((i,j),(k,m)) as the element in row j - /(i) + I
and column m - (k) + 1. From definitions D3 and D6 and a simple conditioning argu-
ment we have,
uQl+ 1 )
b((il),(i + 2,m)) = L b1(jr)b1+(rm), and (9)
r=l(l+ I)
BIJ+2 = BIB!+1. (10)
Notice from D6 that B,, is an identity matrix and from D3 that B,.,., = B,. More generally
it can be shown that for i < k,
k-I




D7. v((ij),(k,m)) = expected number of visits to state (k,m) given that FC i is
entered in state (ij),
V,, = a w, x w, matrix having v((ij),(k,m)) as the element in row j - 1(i) + 1
and column m - i(k) + I ,
D8. bik0") = probability of ever entering FC k, given that FC i is entered in state
(is),
b,k = [bk(l(i)),.,b(u(i))] , a w, x 1 vector. Considering each row of B,, as the
part of an initial probability vector that applies to T, we then have,
Vik = BikNk, a wi x wk matrix, and (12)
bik = Bik-, a wi x 1 vector. (13)
Define:
D9. -rlj) = expected time in FC k given that FC i was entered in state (ij/,
rk = IT~k((i)),..., rk(u(i))], a w, x I vector. The expected time in an FC is the
sum of the expected number of visits to states in that FC, so
Tik = V1 kT, a wi x I vector. (14)
So far we have discussed measures related to "stocks" and "flows" in steady-state
(equilibrium). The rationale underlying the use of such models is that one should de-
termine the organization structure that results from long-term application of policies.
We now turn to the transient structure of the manpower system.
Let, s,(t) = expected stocks in state (i') at time t, s(t)= (s,.,)(t),...,s,.j(t)) , a
1 x w, vector of expected stocks in T,, s(t) = (s,(t) ....... ,s(t)) , a 1 x Y'w, vector of expected
stocks in the system. Let f (i) = expected external flow into state (ij) during period t,
a scalar, and let f(t) = t , a 1 x w, vector.
Assume that external flows are the same in all periods, so that
fl(t) =ft = 1,2 ....... , i= 1 ........ n. (15)
Then using the basic stock equation,
si(t) = si(t - l)Qi +fi + s1-l(t - l)P-1, i = I ..... ,n. (16)
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It is easy to show that,
s,(t) -flN 1, as t - oo (17)
Now recursively define,
s f, N1,
(f + _ ,I ,, _ ) ,¥' , i = l ... n . ( 1 8 )
Then it can be shown that s,(t) - as t -+ oo, and
I




is a non-negative I x w, vector, so the limiting vector of stocks in grade i must be a
non-negative combination of the rows of N,. Thus, in general, not all non-negative
1 x w, vector are possible limiting stock vectors under constant external flows.
The next chapter contains some computer programs to calculate these measures
of interest. They are written in the APL language for fast interactive use and simple
modification.
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111. THE PROGRAM FOR CALCULATIONS
A. INTRODUCTION
This chapter contains computer programs to calculate measures of interest to an-
swer problems of manpower. The program language utilized is APL executed on the
IBM 3033 system 370 mainframe computer. First, the program interactively solicits in-
put to create the Q, matrics, P, matrics and the Q matrix, Second, the program solves for
the fundamental matrix. Finally, a set of programs are written to evaluate stocks, and
calculate B,, b, and V,.
B. THE APL PROGRAMS
1. Qj Matrix
The purpose of this program is to organize the Q, matrix in ac4.ordance with its
structure [see ( 1 ), Chapter II], with this program we will be able to organize Q, matrix
on every grade (Q,,Q 2,Q3,Q4,Qs,Q 6), and for each source (MA, OMS, OCS). The program















The use of this program is to organize the P, matrix in accordance with its
structure [see ( 2 ), Chapter 11], with this program we will be able to organize P, matrix
on every grade (P,,P2 ,P,P,P,P), and for each source (MA, OMS, OCS). The program
P are as follows:
- P-PMATRIX I
S1 ] J 4I
[2] P+(I,J)pO





The purpose of this program is to organize the Q matrix in accordance with its
structure [see ( 3 ), Chapter II], with this program we will be able to organize Q matrix
for each source (MA, OMS, OCS). The program Q are as follows:
V QBIGMAT
-I- 'ENTER THE NUMBER OF ROWS OR COLUMNS OF SUBMATRIC Q1'
[2] A+OI
-3- 'ENTER THE NUMBER OF ROWS OR COLUMNS OF SUBMATRIC Q2'
[4] B+rO
-5- 'ENTER THE NUMBER OF ROWS OR COLUMNS OF SUBMATRIC Q3'
[6] C+0
-7- 'ENTER THE NUMBER OF ROWS OR COLUMNS OF SUBMATRIC Q4'
£83 D+O
-9- 'ENTER THE NUMBER OF ROWS OR COLUMNS OF SUBMATRIC Q5'
£10] E+O





[16] QBEiA;iA]+QI QMATRIC A
£17] QB[iA;A+i(A+A)J P1 PMATRIC A
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[18] QB[A+t(A+B);A+i(A+B)]+Q2 QMATRIC B
[19) QB[A+i(A+B);(A+B)+(A+B+B)) P2+PMATRIC B
[20) QB[(A+B)+i(A+B+C); (A+B)+i(A+B+C)]eQ3.QMATRIC C
[21) QB[(A+B)+iL(A+B+C);(A+B+C)+i(A+B+C+C))+P3+PMATRIC C
[22) QB[(A+B+C)+i(A+B+C+D); (A+B+C)+ (A+B+C+D)]Q4+QMATRIC D
[23) QB[(A+B+C)+i(A+B+C+D); (A+B+C+D).i(A+B+C+D+D)) P4+PMATRIC D
[24] QB[(A+B+C+D)+i (A+B+C+D+E); (A+B+C+D).t (A+B+C+D+E)] Q5eQMATRIC E
[25] QB[(A+B+C+D)+t (A+B+C+D+E); (A+B+C+D+E)+ (A+B+C+D+E+E)J P5+PMATRIC F




System matrix Q has a findamental matrix, N= (1- Q)-'; matrix Q, also has
fundamental matrix N, = (I - Q,)-'. This program can be used to calculate the funda-
mental matrix mentioned above, where I is an identity matrix that is made in identity




Furthermore program fundamental matrix are as follows:
V R+FUNDMAT QBIG;DIM;IM
[1] DIM+1+pQBIG




This program stocks (number of personnel) for every grade and for every period,
where the above mentioned stocks are in steady-state. It requires input the total number
of recruitment from each source (MA, OMS, OCS). From the evaluation with the use
of this program, the following can be obtained, that is the number of years within the
military. The stocks program are as follows:
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V SS+SSSTOCR QBIG;DIM




-5- TIM-i ROUND V
[6] DIM4-i+pQBIG
[7) RECV.-RECV, (DIM-i )po
[8] SS+-RECV+.xFUNDMAT QBIG
£9] SS+O0 ROUND SS
[10) TSS4+/SS
Eu]3 'IF YOU WANT TO KNOW TIME-IN-MILITARY, TYPE TIM'
[12] 'THIS IS THE OUTPUT OF STOCK IN STEADY STATE :
V
6. Promotion Rate
Recall B, and b, from Chapter I I [see (7 ),(8 ).To calculate B, and b,, the
following program is used:






£6] BI+-3 ROUND BI
£7] BS+3 ROUND ES
[8] VIK+-3 ROUND VIK
-9- TIC-i ROUND TIC
[10] 'IF YOU WANT TO KNOW PROMOTION RATE, TYPE EI OR BS'
[11] 'IF YOU WANT TO KNOW TIME-IN-CRADE, TYPE TIC'
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7. The Expected Time in Grade
Recall V,, and r,, from Chapter 11 [see (12 ,(14 ).Then to calculate V,, and
Tjthe following program is used:
V QI PROM PI
[I] N1I+FUNDMAT QI
[2] BI+-NI+.xPI
[3] BS+-BI+. x ( (+pBI)p 1
[4) VIK+(BI+.xNI
[5) TIG+-VIK+.x((1+pVIK)pl)
[6] BI+3 ROUND BI
[73 BS+3 ROUND BS
[8) VIK+3 ROUND VIK
-9- TIG-1 ROUND TIC
[10) 'IF YOU WANT TO KNOW PROMOTION RATE, TYPE BI OR BS'
[11] 'IF YOU WANT TO KNOW TIME-IN-GRADE, TYPE TIG'
V
Note; The rounding of the number of results from the calculation result men-
tioned, the following program is being used;




IV. APPLICATION TO THE INDONESIAN ARMY (TNI-AD)
A. INTRODUCTION
In this chapter the Grade / Time-in-Grade model is used to model the composition
of the the officers of the TNI-AD. Emphasis is on the steady state results.
In this analysis, we first discuss the data compilation, then we perform 'model fit-
ting", so that it can be applied in the TNI-AD, and finally we carry out the calculations
for the model.
B. GENERAL INFORMATION
The TNI-AD is organized based on TOP (for Operational Units and Intelligence
Units), and DSPP (for Territorial Units and Supporting and Maintainance Units), With
the intention to determine the allocation of the number of personnel needed by the or-
ganization to carry out their main duty and to control the personnel rank composition
within the organization. In ideal conditions, the organization can execute its main duty
most effectively if the total number of personnel in hand is in accordance with TOP
DSPP.
In the framework of personnel development, during his or her active term of duty,
an officer can be given various types of assignment within the different offices that differ
both within as well as outside the TNI-AD organization. Officer(s) can be assigned
outside the TNI-AD organization, both within as well as outside the sphere of the
Indonesian Department of Defence & Security ' the Indonesian Armed Forces
(HANKAM ' ABRI), results in higher requirements that would be needed just for offi-
cers of the TNI-AD.
The officer(s) promotion period in every grade is determined with the minimum and
maximum officer's term of office, as follows:
1. From 2nd Lt to 1st LT, minimum in the military 3 years, and maximum in the
military 8 years.
2. From I st LT to Capt, minimum in the rrulitary 6 years, and maximum in the mili-
tary 11 years.
3. From Capt to Maj, minimum in the military I I years, and maximum in the military
15 years.
4. From Maj to LCol, minimum in the military 15 years, and maximum in the military
19 years.
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5. From LCol to Col, minimum in the military 19 years, and maximum in the military
25 years, and the minimal age of 40.
6. From Col to Brig Gen, after minimum time in grade of Col level for 2 years.
7. From Brig Gen to Maj Gen etc. Based on need of the organization and assignment.
The minimum term of office can only be obtained by officers with excellent records
and potential. When an officer reaches the maximum term in rank, the person concerned
will be given the option to terminate their contract. Promotion from Col to the Flag
Officer, is not considered in this thesis.
C. DATA
Data connected with recruitment, promotion, and officer personnel separation of the
TNI-AD has been obtained from the Indonesian Army Computer Center
(DISPULLAIITAD), as well as the Staff Personnel TNI-AD.
The above mentioned data are grouped in accordance with the officer source (MA,
OMS, and OCS) and can be seen in Appendix A.
D. MODEL FITTING
The Grade ! Time-in-Grade model discussed in Chapter II, is now applied to
TNI-AD officers who come from different sources (MA, OMS, OCS). Therefore this
model was applied separately to each of the three sources of the above mentioned
TNI-AD officers.
For each officer source (MA, OMS, OCS), we need to determine the structure of
Q, matrix. P, matrix, and Q matrix as follows:
1. Q Matrix Derivation
To obtain Q, matrix for every grade, q, [from ( 1 ) Chapter II] can be derived
from:
the number of personnel in state (ij)
who stay in rank i during time period
qJ = the total number of personnel
who start the time period in state (ij)
Furthermore, from the q,j mentioned above the Q, matrix can be organized by the use
of "program QMATRIC", in order to obtain Q, matrix that is in accordance with its
structure [from ( 1 ) Chapter I1].
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Example;
By the use of data 2nd LT from MA (Appendix A, Table 6) the q,, is dlived,
717
" q12- 717= 1
717
717
" q14 = .2-6. =0.346711
* qs= 5 -=0.215246
" q,6= 20 = 0.377
53
" q17 = - = 0.250
20
•qlg = 0
Then with the use of "program QMATRIC" [from Chapter 1111 the Q, matrix can be
organized as follows:
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0.992 0 0 0 0
0 0 0 0 0.346 0 0 0
Q0 0 0.215 0 0
0 0 0 0 0 0 0.377 0
0 0 0 0 0 0 0 0.250
0 0 0 0 0 0 0 0
For other Q, matrix of each grade and for each source (MA, OMS, OCS) the
following can be shown at the Appendix B.
2. P, Matrix Derivation
From the above mentioned data, pj can be calculated as the fraction promoted
every period.
the number promoted from (idj)to (i + 1,l)during time period
P= the total number who start the time period in (ij)













* 1 2 4 = 0.453
53
PI =4-- = 0.400
20
•Pis = 0
From the p, and with the use of "program PMATRIC" the P, matrix's:
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0.637 0 0 0 0 0 0 0
P 0.720 0 0 0 0 0 0 0
0.453 0 0 0 0 0 0 0
0.400 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
P, matrices at every grade and for every source (MA, OMS, OCS) are shown in
Appendix C.
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3. Q Matrix Derivation
After obtaining the Q matrix and P, matrix for every grade, the Q matrix [from
(3 ) Chapter II] can be constructed using the "program QBIGMAT" [from Chapter I11.
Note;
* Q matrix for MA :68 x 68
9 QmatrixforOMS :62x62
* QmatrixforOCS :71x71
For matrices of this size, it was not found necessary to use the result in equation ( 4 )
of Chapter II.
E. CALCULATIONS
Having obtained the Q, , P,, and Q matrices for every source (MA, OMS, OCS),
using the formulas [see Chapter II, and the computer programs [see Chapter III], we
are ready to apply the model to calculate measures of interest and./or test the effects of
various policy changes.
1. Time in Military Computation
Time in military is the time an individual is commissioned 2nd Lt until they
leave the system. To calculate time in military:
* Calculate the fundamental matrix N = (I- Q)- , with the use of "program IDEN
and program FUNDMAT" [from Chapter 111].
* From the N, with the use of "program SSSTOCK" [from Chapter 111]. Expected
time in military (ETIM) can be derived.
The results of ETIM calculations can be seen from the Table 1.
Table 1. EXPECTED TIME IN MILITARY FOR EVERY SOURCE.




2. Time in Grade Computation
The calculation of time in grade (TIG) is to see how long one stays in a rank,
in order to fulfill the requirement for promotion to next higher rank. With the use of
formula from D8, D9, and ( 14 ) [Chapter II], and the program "PROM" for every grade,
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Time in grade is compiled for every grade. Results of the computations are shown in
Table 2.
Table 2. EXPECTED TIME IN GRADE FOR EVERY SOURCE.
RANK TIME IN GRADE (YEARS)
MA OMS OCS
2nd Lt 4.1 4.2 4.7
1st LT 5.6 4.9 4.6
Capt 6.0 6.4 4.9
Maj 4.7 5.2 5.6
LCol 3.4 2.8 1.8
Col 2.6 1.3 1.2
Note, we can see from Table 2 that for 2nd LT's from MA the stay in grade is 4.1 years,
from OMS is 4.2 years, and from OCS is 4.7 years, and so on. The officers from MA
stay in grade longer than those officers from OMS and OCS, becauce officers from MA
are prepared for a long range in military career, and because the officers from MA are
younger, when they enter TNI-AD as 2nd LT.
3. Promotion Rate Computation
With the use of formula from D3, D4, D5, and ( 7 ) [Chapter 11, promotion rate
is calculated with the use of"program PROM" for every grade. The results of promotion
rate ( B, ) computations can be seen from Appendix D.
The results of this promotion rate (the matrix B,) are very essential in manpower
policy analysis, because we can calculate the flow of officers from grade i to (i + 1).
For example;
" Letf, = [300 0 0 0 0 0 0 0], that is, we recruit 300 people as 2nd Lt's from
MA.
* B, = promotion rate from 2nd LT to 1st LT for officers from MA.
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Now we calculatef x B,:
.924 0 0 0 0 0 0 0
.924 0 0 0 0 0 0 0
.924 0 0 0 0 0 0 0
.931 0 0 0 0 0 0 0
[300 0 0 0 0 0 0 0] . 0000000 [277.2 0 0 0 0 0 0 0].
.850 0 0 0 0 0 0 0
.604 0 0 0 0 0 0 0
.400 0 0 0 0 0 0 0
0 0000000
Thus, we can see 277 of the 300 entering officers from the MA eventually become 1st
LT's. From this result, we can calculate from 1st Lt to Capt using B2, and the calculation
is as mentioned above. So, we can see that of the 300 entering officers from the MA
become Capt is 252. The calculation can continue until the grade of Col.
4. Stock Computations
We now calculate the steady state stocks that result from a given recruiting
policy. The stocks (s(t)) for every grade depend on the total number of recruitment for
each year, that will be comissioned as 2nd Lt from all three sources (MA, OMS, OCS).
With the use of formula ( 19 ) Chapter II, and the program °SSSTOCK" with
the total number of recruitment input from all officer sources (MA, OMS, OCS), that
are assumed to stay constant every year, we calculate the steady state stocks.
Two examples of stocks computation are as follows:
a. Example 1;
Assuming each year there is recruitment from each officer source (MA,
OMS, OCS), as follows:
Table 3. THE RECRUITMENT FROM EVERY SOURCE (MA, OMS, OCS).






The result in the steady state stocks are shown in Table 4.
Table 4. THE NUMBER OF STOCKS AND PRECENTAGE FOR EVERY
GRADE.
RANK
SOURCE 2nd Ist Lt Capt Maj LCol Col Total %
Lt
MA 1488 1910 2188 1718 888 270 8462 26.7
OMS 2555 2860 2967 2476 1223 158 12239 38.7
OCS 3435 2544 2407 1821 678 61 10946 34.6
Total 7478 7314 7562 6015 2789 489 31647 100
% 23.6 23.1 23.9 19.0 8.8 1.6 100
Note that although the recruits from MA is 23.4%, the total officer corps from MA is
26.7%. By rank one can see that the precentage of 2nd LT's from MA is 19.9%, whereas
for Col the precentage from MA is 55.20%0. This reflects the greater retention and pro-
motion of MA trained officers over those from OMS and OCS. The results of stocks
computation for every grade and for every sources are shown in Appendix E (Table 26,
27, 28), which can be used for more detailed analysis.
b. Example 2;
Assume there are changes in policy, where the number of recruits from MA
is decreased, and the number of recruits from OMS and OCS increased. The inputs of
recruitment are as follows:
Table 5. THE RECRUITMENT FROM EVERY SOURCE (MA, OMS, OCS).






From the use of program "SSSTOCK", the results are shown in Table 6.
Table 6. THE NUMBER OF STOCKS AND PRECENTAGE FOR EVERY
GRADE.
RANK
SOURCE 2nd TotalLt I st Lt Capt Maj LCol Col
Lt
MA 889 1142 1304 1026 530 163 5054 16.3
OMS 2871 3210 3227 2782 1372 179 13641 44.0
OCS 3856 2856 2701 2044 760 69 12286 39.7
Total 7616 7208 7232 5852 2662 411 30981 100
0 24.6 23.3 23.3 18.9 8.6 1.3 100 -
Note, we can see that the precentage of recruits from OCS is 44.2%', but the total officer
corps from OCS is 39.7%16. By rank one can see that the 2nd Lt's from OCS is 50.6%,
whereas for Col the precentage from OCS is 16.8%0. This reflects, the fact that the re-
tention and promotion of OCS trained officers is less than from MA and OMS.
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V. CONCLUSIONS AND RECOMMENDATIONS
A. CONCLUSIONS
This thesis applies the Grade / Time-in-Grade model to the Indonesian Army
(TNI-AD). One use of the model is to predict the composition of officers of the TNI-AD
produced by a given recruitment policy. The model provides manpower planners with
the capability of alternatives policy changes and adjusting model parameters to improve
the use of different personnel resources (MA, OMS, OCS).
The calculations of the composition of the TNI-AD use the Grade / Time-in-Grade
model that can provide the output to solve the problem of manpower planning of the
TNT-AD's officer who come from three different sources (MA, OMS, OCS). By using
this model, we can see the results of the Expected Time in Military (ETIM), the Ex-
pected Time in Grade (TIG), the promotion rate for every grade, and the steady state
stocks for every grade.
The results of the calculations can be used as suggestion to the manpower planner
in order to control the TNI-AD officers composition in the long range, and also for the
alternatives due to policy changes.
B. RECOMMENDATIONS
In order to control the TNI-AD officers composition in accordance with TOP/DSPP
and to have the number of officers ready at all time in accordance with the organization
need, the balance between average term of duty within the rank and the number of of-
ficers needed from each source (MA, OMS, OCS) must be examined.
The model gives expected time-in-military, time-in-grade, and the promotion rate for
every grade as follows:
1. Promotion rate.
Promotion rate for each period from every source (MA, OMS, OCS) and
ranking are as seen from Appendix D.
2. Expected time in military (ETIM).
Minimum expected time in military of officers until the time of pension for of-
ficers from every source (MA, OMS, OCS) are as follows:
a. For officers from MA = 25.3 years.
b. For officers from CMOS = 22.9 years.
c. For officers from OCS = 19.4 years.
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3. Expected time in grade (TIG).
Time in grade for each grade from every source (MA, OMS, OCS) in order to
fulfill the requirement for promotion are as follows:
Table 7. MIN AND MAX TIME IN GRADE.
TIME IN GRADERANK MIN MAX
2nd LT 4.1 4.7





The manpower model is becoming an integral part of the increasingly complex and
dynamic environment of the manpower planner. The ultimate acceptance and use of any
model depends largely on understanding its design. This thesis is presented with the user
in mind, emphasizing the importance of a detailed understanding of the factors that in-
fluence planning in a manpower system using the Grade / Time-in-Grade model.
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APPENDIX A. THE DATA OF THE INDONESIAN ARMY (TNI-AD)
OFFICERS
1. Officer Personnel Data from MA
Table 8. 2ND LT (FROM MILITARY ACADEMY)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
Rank
2nd Lt (0-1) 717 0 0 717
2nd Lt (1-2) 717 0 0 717
2nd Lt (2-3) 711 0 6 717
2nd Lt (3-4) 246 453 12 711
2nd Lt (4-5) 53 177 16 246
2nd Lt (5-6) 20 24 9 53
2nd Lt (6-7) 5 8 7 20
Total 2468 662 50 3180
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Table 9. 1ST LT (FROM MILITARY ACADEMY)
________ YEAR 2____
YEAR I Stay in Promoted Leave Total
___ ___ ___ ___ ___ ___ Rank_ _ _ _ _ _
1st Lt (0- 1) 662 0 0 662
Ist Lt (1-2) 662 0 0 662
lst Lt (2-3) 662 0 0 662
lst Lt (3-4) 610 45 7 662
1 st Lt (4-5) 448 152 10 610
1st Lt (5-6) 242 193 13 448
1 stLt (6-7) 98 133 11 242
1st Lt (7-8) 43 47 8 98
lst Lt (8-9) 3 34 6 43
Total 3430 604 55 4089
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Table 10. CAPT (FROM MILITARY ACADEMY)
YEAR 2
YEAR I Stay in Promoted Leave Total
___ ___ ___ ___ ___ ___ Rank _ _ _ _ _ _ _ _ _ _ _ _
Capt (0- 1) 604 0 0 604
Capt (1-2) 604 0 0 604
Capt (2-3) 604 0 0 604
Capt (3-4) 604 0 0 604
Capt (4-5) 604 0 0 604
Capt (5-6) 490 101 13 604
Capt (6-7) 317 151 22 490
Capt (7-8) 153 134 30 317
Capt (8-9) 61 61 31 153
Capt (9-10) 30 8 23 61
Capt (10- 11) 8 7 15 30
Capt (I1- 12) 2 4 2 8
Total 4081 466 136 4683
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Table 11. MAJ (FROM MILITARY ACADEMY)
YEAR 2
YEAR I Stay inY Promoted Leave Total
Rank
Maj (0-1) 466 0 0 466
Maj (1-2) 466 0 0 466
Maj (2-3) 466 0 0 466
Maj (3-4) 447 0 19 466
Maj (4-5) 420 0 27 447
Maj (5-6) 382 0 38 420
Maj (6-7) 281 53 48 382
Maj (7-8) 167 62 52 281
Maj (8-9) 84 47 36 167
Maj (9-10) 27 36 21 84
Maj (10-11) 2 14 11 27
Total 3208 212 252 3672
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Table 12. LCOL (FROM MILITARY ACADEMY)
YEAR 2
YEAR I Stay in Promoted Leave Total
Rank
LCol (0-1) 212 0 0 212
LCol (1-2) 212 0 0 212
LCol (2-3) 212 0 0 212
LCol (3-4) 212 0 0 212
LCol (4-5) 196 16 0 212
LCol (5-6) 178 18 0 196
LCol (6-7) 156 14 8 178
LCol (7-8) 127 12 17 156
LCol (8-9) 90 12 25 127
LCol (9-10) 55 6 29 90
LCol (10-11) 26 3 26 55
LCol (11-12) 11 0 15 26
LCol (12-13) 2 0 9 11
Total 1689 81 129 1899
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Table 13. COL (FROM MILITARY ACADEMY)
________YEAR 2
YEAR 1 Stay in Promoted Leave Total
__________________ Rank
Col (O-l) 81 0 0 81
Col (1-2) 81 0 0 81
Col (2-3) 77 4 0 81
Col (3-4) 71 6 0 77
Col (4-5) 63 8 0 71
Col (5-6) 50 5 8 63
Col (6-7) 37 2 11 s0
Col (7-8) 23 2 12 37
Col (8-9) 12 2 9 23
Col (9-1O) 3 1 8 12
Total 498 30 48 576
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2. Officer Personnel Data from OMS
Table 14. 2ND LT (FROM OFFICER MILITARY SCHOOL)
YEAR 2
YEAR I Stay in Promoted Leave Total
___ ___ ___ ___ ___ ___ Rank __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
2nd Lt (0-1) 339 0 0 339
2nd Lt (1-2) 339 0 0 339
2nd Lt (2-3) 339 0 0 339
2nd Lt (3-4) 161 170 8 339
2nd Lt (4-5) 70 86 5 161
2nd Lt (5-6) 26 33 11 70
2nd Lt (6-7) 9 8 9 26
Total 1283 297 33 1613
Table 15. IST LT (FROM OFFICER MILITARY SCHOOL)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
Rank
1st Lt (0-1) 297 0 0 297
st Lt (1-2) 297 0 0 297
1st Lt (2-3) 297 0 0 297
1st Lt (3-4) 266 24 7 297
1st Lt (4-5) 163 93 10 266
1st Lt (5-6) 99 53 11 163
1st Lt (6-7) 57 30 12 99
1st Lt (7-8) 30 21 6 57
1st Lt (8-9) 12 18 0 30
Total 1518 239 46 1803
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Table 16. CAPT (FROM OFFICER MILITARY SCHOOL)
YEAR 2__ __
YEAR I Stay in Promoted Leave Total
____ ___ ___ ___ ___ ___ Rank _ _ _ _ _ _
Capt (0-1) 239 0 0 239
Capt (1-2) 239 0 0 239
Capt (2-3) 239 0 0 239
Capt (3-4) 239 0 0 239
Capt (4-5) 239 0 0 239
Capt (5-6) 201 38 0 239
Capt (6-7) 116 79 6 201
Capt (7-8) 62 46 8 116
Capt (8-9) 36 14 12 62
Capt (9-10) 20 7 9 36
Capt (10- 11) 8 6 6 20
Capt (I1- 12) 3 4 1 8
Total 1641 194 42 1877
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Table 17. MAJ (FROM OFFICER MILITARY SCHOOL)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
____ ___ __  ___ ___ ___ Rank __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Maj (0-1) 194 0 0 194
Maj (1-2) 194 0 0 194
Maj (2-3) 194 0 0 194
Maj (3-4) 194 0 0 194
Mai (4-5) 185 0 9 194
Maj (5-6) 174 0 it 185
Maj (6-7) 125 35 14 174
Maj (7-8) 64 47 14 125
Maj (8-9) 33 19 12 64
Maj (9-10) 15 8 10 33
Maj (10- 11) 4 3 8 15
Total 1376 112 78 1566
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Table 18. LCOL (FROM OFFICER MILITARY SCHOOL)
________ YEAR 2____
YEAR 1 Stay in Promoted Leave Total
___ ___ ___ ___ ___ ___ Rank
L-Col (0-1) 112 0 0 112
L-Col (1-2) 112 0 0 112
LCol (2-3) 112 0 0 112
LCo1 (3-4) 103 0 9 112
L-Co1 (4-5) 88 4 11 103
L-CoI (5-6) 63 6 19 88
L-Col (6-7) 39 6 18 63
LCol (7-8) 19 5 15 39
[Col (8-9) 7 3 9 19
L-Col (9-10) 5 2 0 7
LCol (10-11) 3 2 0 5
Total 663 28 81 772
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Table 19. COL (FROM OFFICER MILITARY SCHOOL)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
___ ___ ___ ___ ___ ___ Rank_ 
_ _ _ _ _
Col (0-1) 28 0 0 28
Col (1-2) 21 0 7 28
Col (2-3) 11 0 10 21
Col (3-4) 7 2 2 11
Col (4-5) 4 1 2 7
Col (5-6) 2 1 1 4
Total 73 4 22 99
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3. Officer Personnel Data from OCS
Table 20. 2ND LT (FROM OFFICER CANDIDATE SCHOOL)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
Rank
2nd Lt (0-1) 976 0 0 976
2nd Lt (1-2) 976 0 0 976
2nd Lt (2-3) 966 0 10 976
2nd Lt (3-4) 638 313 15 966
2nd Lt (4-5) 478 133 27 638
2nd Lt (5-6) 338 111 29 478
2nd Lt (6-7) 236 76 26 338
2nd Lt (7-8) 155 58 23 236
2nd Lt (8-9) 97 36 22 155
2nd Lt (9-10) 66 12 19 97
-nu Lt (10-11) 43 9 14 66
Total 4969 748 185 5902
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Table 21. 1ST LT (FROM OFFICER CANDIDATE SCHOOL)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
Rank
Ist Lt (0-1) 748 0 0 748
1st Lt (1-2) 748 0 0 748
1st Lt (2-3) 738 0 10 748
1st Lt (3-4) 562 153 23 738
1st Lt (4-5) 402 136 24 562
1st Lt (5-6) 239 125 38 402
1st Lt (6-7) 119 91 29 239
1st Lt (7-8) 60 43 16 119
1st Lt (8-9) 23 26 11 60
1st Lt (9-10) 15 0 8 23
Total 3654 574 159 4387
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Table 22. CAPT (FROM OFFICER CANDIDATE SCHOOL)
________YEAR 2
YEAR 1 Stay in Promoted Leave Total
___ ___ __ ___ ___ ___ Rank __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
Capt (0-1) 574 0 0 574
Capt (1-2) 574 0 0 574
Capt (2-3) 561 0 13 574
Capt (3-4) 544 0 17 561
Capt (4-5) 525 0 19 544
Capt (5-6) 3 34 168 23 525
Capt (6-7) 192 116 26 334
Capt (7-8) 113 51 28 192
Capt (8-9) 65 18 30 113
Capt (9-10) 43 6 16 65
Capt (10- 11) 29 4 10 43
Capt (I1- 12) 18 4 7 29
Capt (12-13) 11 3 4 18
Capt (13-14) 6 0 5 11
Total 3589 j 370 198 4157
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Table 23. MAJ (FROM OFFICER CANDIDATE SCHOOL)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
Rank
Maj (0-1) 370 0 0 370
Maj (1-2) 368 0 2 370
Maj (2-3) 361 0 7 368
Maj (3-4) 351 0 10 361
Maj (4-5) 340 0 I1 351
Maj (5-6) 323 0 17 340
Maj (6-7) 257 37 29 323
Maj (7-8) 154 88 15 257
Maj (8-9) 99 41 14 154
Maj (9-10) 64 26 9 99
Maj (10-11) 42 9 13 64
Maj (11-12) 28 6 8 42
Maj (12-13) 21 0 7 28
Total 2778 207 142 3127
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Table 24. LCOL (FROM OFFICER CANDIDATE SCHOOL)
YEAR 2
YEAR 1 Stay in Promoted Leave Total
Rank
LCol (0-1) 198 0 9 207
LCol (1-2) 181 0 17 198
LCol (2-3) 162 0 19 181
LCol (3-4) 141 0 21 162
LCol (4-5) 109 3 29 141
LCol (5-6) 77 4 28 109
LCol (6-7) 46 8 23 77
LCol (7-8) 25 6 15 46
LCol (8-9) 14 4 7 25
LCol (9-10) 7 4 3 14
LCol (10-11) 2 0 5 7
Total 962 29 176 1167
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Table 25. COL (FROM OFFICER CANDIDATE SCHOOL)
YEAR 2
YEAR I Stay in Promoted Leave Total
___ ___ ___ ___ ___ ___ Rank _ _ _ _ _ __ _ _ _ _ _
Col (0- 1) 25 0 4 29
Col (1-2) 18 0 7 25
Col (2-3) 15 0 3 18
Col (3-4) 10 2 3 15
Col (4-5) 6 2 2 10
Col (5-6) 3 1 2 6
Total 77 5 21 103
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APPENDIX B. THE RESULTS OF Q, MATRIX
1. QMatrix for MA
Q1
0 1 0 0 0 0 0 0
0 0 1 0 0 0 0 0
0 0 0 0.992 0 0 0 0
0 0 0 0 0.346 0 0 0
0 0 0 0 0 0.215 0 0
0 0 0 0 0 0 0.377 0
0 0 0 0 0 0 0 0.25
0 0 0 0 0 0 0 0
Q2
0 1 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 0 0.921 0 0 0 0 0
0 0 0 0 0 0.734 0 0 0 0
0 0 0 0 0 0 0.54 0 0 0
0 0 0 0 0 0 0 0.405 0 0
0 0 0 0 0 0 0 0 0.439 0
0 0 0 0 0 0 0 0 0 0.07
0 0 0 0 0 0 0 0 0 0
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Q3
o 1 o 0 0 0 0 0 0 0 0 0 0
o 0 1 0 0 0 0 0 0 0 0 0 0
o 0 0 1 0 0 0 0 0 0 0 0 0
o 0 0 0 1 0 0 0 0 0 0 0 0
o 0 0 0 0 1 0 0 0 0 0 0 0
o 0 0 0 0 0 0.811 0 0 0 0 0 0
0 0 0 0 0 0 0 0.647 0 0 0 0 0
o 0 0 0 0 0 0 0 0.483 0 0 0 0
0 0 0 0 0 0 0 0 0 0.399 0 0 0
o 0 0 0 0 0 0 0 0 0 0.492 0 0
o 0 0 0 0 0 0 0 0 0 0 0.267 0
0 0 0 0 0 0 0 0 0 0 0 0 0.25
0 0 0 0 0 0 0 0 0 0 0 0 0
Q4
0 1 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0.959 0 0 0 0 0 0 0
0 0 0 0 0 0.94 0 0 0 0 0 0
0 0 0 0 0 0 0.91 0 0 0 0 0
0 0 0 0 0 0 0 0.736 0 0 0 0
0 0 0 0 0 0 0 0 0.594 0 0 0
0 0 0 0 0 0 0 0 0 0.503 0 0
0 0 0 0 0 0 0 0 0 0 0.321 0
0 0 0 0 0 0 0 0 0 0 0 0.074
0 0 0 0 0 0 0 0 0 0 0 0
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Q5
0 1 0 0 0 0 0 0 0 0 0 0 0
0
0 0 1 0 0 0 0 0 0 0 0 0 0
0
0 0 0 1 0 0 0 0 0 0 0 0 0
0
0 0 0 0 1 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0.925 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0.908 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0.8760 0 0 0 0
0
0 0 0 0 0 0 0 0 0.814 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0.709 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0.611 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0.473 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0.423
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0.182




0 1 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0
0 0 0 0.951 0 0 0 0 0 0 0
0 0 0 0 0.922 0 0 0 0 0 0
0 0 0 0 0 0.887 0 0 0 0 0
0 0 0 0 0 0 0.794 0 0 0 0
0 0 0 0 0 0 0 0.74 0 0 0
0 0 0 0 0 0 0 0 0.622 0 0
0 0 0 0 0 0 0 0 0 0.522 0
0 0 0 0 0 0 0 0 0 0 0.25
0 0 0 0 0 0 0 0 0 0 0
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2. a, Matrix for OMS
Q1
0 1 0 0 0 0 0 0
o 0 1 0 0 0 0 0
0 o 0 1 0 0 0 0
o 0 0 0 0.475 0 0 0
0 0 0 0 0 0.435 0 0
0 0 0 0 0 0 0.372 0
0 0 0 0 0 0 0 0.346
o 0 0 0 0 0 0 0
Q2
0 1 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0
0 0 0 0 0.896 0 0 0 0 0
0 0 0 0 0 0.613 0 0 0 0
0 0 0 0 0 0 0.607 0 0 0
0 0 0 0 0 0 0 0.576 0 0
0 0 0 0 0 0 0 0 0.526 0
0 0 0 0 0 0 0 0 0 0.4
0 0 0 0 0 0 0 0 0 0
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Q3
0 1 0 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0 0.841 0 0 0 0 0 0
0 0 0 0 0 0 0 0.577 0 0 0 0 0
0 0 0 0 0 0 0 0 0.534 0 0 0 0
0 0 0 0 0 0 0 0 0 0.581 0 0 0
0 0 0 0 0 0 0 0 0 0 0.556 0 0
0 0 0 0 0 0 0 0 0 0 0 0.4 0
0 0 0 0 0 0 0 0 0 0 0 0 0.375
0 0 0 0 0 0 0 0 0 0 0 0 0
Q4
0 1 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 1 0 0 0 0 0 0 0
0 0 0 0 0 0.954 0 0 0 0 0 0
0 0 0 0 0 0 0.941 0 0 0 0 0
0 0 0 0 0 0 0 0.718 0 0 0 0
0 0 0 0 0 0 0 0 0.512 0 0 0
0 0 0 0 0 0 0 0 0 0.516 0 0
0 0 0 0 0 0 0 0 0 0 0.455 0
0 0 0 0 0 0 0 0 0 0 0 0.267
0 0 0 0 0 0 0 0 0 0 0 0
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Q5
0 1 0 0 0 0 0 0 0 0 0 0
o 0 1 0 0 0 0 0 0 0 0 0
o 0 0 1 0 0 0 0 0 0 0 0
0 0 0 0 0.92 0 0 0 0 0 0 0
0 0 0 0 0 0.854 0 0 0 0 0 0
0 0 0 0 0 0 0.716 0 0 0 0 0
0 0 0 0 0 0 0 0.619 0 0 0 0
0 0 0 0 0 0 0 0 0.487 0 0 0
0 0 0 0 0 0 0 0 0 0.368 0 0
0 .0 0 0 0 0 0 0 0 0 0.714 0
0 0 0 0 0 0 0 0 0 0 0 0.6
0 0 0 0 0 0 0 0 0 0 0 0
Q6
0 1 0 0 0 0 0
0 0 0.75 0 0 0 0
0 0 0 0.524 0 0 0
0 0 0 0 0.636 0 0
0 0 0 0 0 0.571 0
0 0 0 0 0 0 0.5
0 0 0 0 0 0 0
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3. Matrix for OCS
Q1
0 1 0 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0 0
0 0 0 0.99 0 0 0 0 0 0 0 0
0 0 0 0 0.66 0 0 0 0 0 0 0
0 0 0 0 0 0.749 0 0 0 0 0 0
0 0 0 0 0 0 0.707 0 0 0 0 0
0 0 0 0 0 0 0 0.698 0 0 0 0
0 0 0 0 0 0 0 0 0.657 0 0 0
0 0 0 0 0 0 0 0 0 0.626 0 0
0 0 0 0 0 0 0 0 0 0 0.68 0
0 0 0 0 0 0 0 0 0 0 0 0.652
0 0 0 0 0 0 0 0 0 0 0 0
Q2
0 1 0 0 0 0 0 0 0 0 0
0 0 1 0 0 0 0 0 0 0 0
0 0 0 0.987 0 0 0 0 0 0 0
0 0 0 0 0.762 0 0 0 0 0 0
0 0 0 0 0 0.715 0 0 0 0 0
0 0 0 0 0 0 0.595 0 0 0 0
0 0 0 0 0 0 0 0.498 0 0 0
0 0 0 0 0 0 0 0 0.504 0 0
0 0 0 0 0 0 0 0 0 0.383 0
0 0 0 0 0 0 0 0 0 0 0.652
0 0 0 0 0 0 0 0 0 0 0
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Q3
0 1 0 0 0 0 0 0 0 0 0 0 0
0 0
0 0 1 0 0 0 0 0 0 0 0 0 0
0 0
0 0 0 0.977 0 0 0 0 0 0 0 0 0
0 0
0 0 0 0 0.97 0 0 0 0 0 0 0 0
0 0
0 0 0 0 0 0.965 0 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0.636 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0.575 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0 0.5890 0 0 0
0 0
0 0 0 0 0 0 0 0 0 0.575 0 0 0
0 0
0 0 0 0 0 0 0 0 0 0 0.662 0 0
0 0
0 0 0 0 0 0 0 0 0 0 0 0.671 0
0 0
0 0 0 0 0 0 0 0 0 0 0 0 0.621
0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0.611 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0.545




0 1 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0.995 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0.981 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0.972 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0.969 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0.950 0 0 0 0 0
0
0 0 0 0 0 0 0 0.796 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0.599 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0.643 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0.646 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0.656 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0.667
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0.75




0 0.957 0 0 0 0 0 0 0 0 0 0
0 0 0.914 0 0 0 0 0 0 0 0 0
0 0 0 0.895 0 0 0 0 0 0 0 0
0 0 0 0 0.87 0 0 0 0 0 0 0
0 0 0 0 0 0.773 0 0 0 0 0 0
0 0 0 0 0 0 0.706 0 0 0 0 0
0 0 0 0 0 0 0 0.597 0 0 0 0
0 0 0 0 0 0 0 0 0.544 0 0 0
0 0 0 0 0 0 0 0 0 0.56 0 0
0 0 0 0 0 0 0 0 0 0 0.5 0
0 0 0 0 0 0 0 0 0 0 0 0.286
0 0 0 0 0 0 0 0 0 0 0 0
Q6
0 0.862 0 0 0 0 0
0 0 0.72 0 0 0 0
0 0 0 0.833 0 0 0
0 0 0 0 0.667 0 0
0 0 0 0 0 0.6 0
0 0 0 0 0 0 0.5
0 0 0 0 0 0 0
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APPENDIX C. THE RESULTS OF Pr MATRIX
1. P Matrix for MA
P1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0.637 0 0 0 0 0 0 0
0.72 0 0 0 0 0 0 0
0.453 0 0 0 0 0 0 0
0.4 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
P2
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.068 0 0 0 0 0 0 0 0 0
0.249 0 0 0 0 0 0 0 0 0
0.431 0 0 0 0 0 0 0 0 0
0.55 0 0 0 0 0 0 0 0 0
0.48 0 0 0 0 0 0 0 0 0
0.791 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
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P3
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0.167 0 0 0 0 0 0 0 0 0 0 0 0
0.308 0 0 0 0 0 0 0 0 0 0 0 0
0.423 0 0 0 0 0 0 0 0 0 0 0 0
0.399 0 0 0 0 0 0 0 0 0 0 0 0
0.131 0 0 0 0 0 0 0 0 0 0 0 0
0.233 0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
P4
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.139 0 0 0 0 0 0 0 0 0 0 0
0.221 0 0 0 0 0 0 0 0 0 0 0
0.281 0 0 0 0 0 0 0 0 0 0 0
0.429 0 0 0 0 0 0 0 0 0 0 0
0.519 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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P5
0 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0
0 o 0 0 0 0 0 0 0 0 0 0 0
0
0 o 0 0 0 0 0 0 0 0 0 0 0
0
0.075 0 0 0 0 0 0 0 0 0 0 0 0
0
0.092 0 0 0 0 0 0 0 0 0 0 0 0
0
0.079 0 0 0 0 0 0 0 0 0 0 0 0
0
0.0770 0 0 0 0 0 0 0 0 0 0 0
0
0.094 0 0 0 0 0 0 0 0 0 0 0 0
0
0.0670 0 0 0 0 0 0 0 0 0 0 0
0
0.055 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0




0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0.049 0 0 0 0 0 0 0 0 0 0
0.078 0 0 0 0 0 0 0 0 0 0
0.113 0 0 0 0 0 0 0 0 0 0
0.079 0 0 0 0 0 0 0 0 0 0
0.04 0 0 0 0 0 0 0 0 0 0
0.054 0 0 0 0 0 0 0 0 0 0
0.087 0 0 0 0 0 0 0 0 0 0
0.083 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
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2. P, Matrix for OMS
P1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0.501 0 0 0 0 0 0 0
0.534 0 0 0 0 0 0 0
0.471 0 0 0 0 0 0 0
0.308 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
P2
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
0.081 0 0 0 0 0 0 0 0 0
0.35 0 0 0 0 0 0 0 0 0
0.325 0 0 0 0 0 0 0 0 0
0.303 0 0 0 0 0 0 0 0 0
0.368 0 0 0 0 0 0 0 0 0
0.6 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
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P3
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0.159 0 0 0 0 0 0 0 0 0 0 0 0
0.393 0 0 0 0 0 0 0 0 0 0 0 0
0.397 0 0 0 0 0 0 0 0 0 0 0 0
0.226 0 0 0 0 0 0 0 0 0 0 0 0
0.194 0 0 0 0 0 0 0 0 0 0 0 0
0.3 0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
P4
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.201 0 0 0 0 0 0 0 0 0 0 0
0.376 0 0 0 0 0 0 0 0 0 0 0
0.297 0 0 0 0 0 0 0 0 0 0 0
0.242 0 0 0 0 0 0 0 0 0 0 0
0.2 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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P5
0 0 0 0 0 0 0 0 0 0 0 0
0 o 0 0 0 0 0 0 0 0 0 0
o 0 0 0 0 0 0 a 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.03% 0 0 0 0 0 0 0 0 0 0 0
0.068 0 0 0 0 0 0 0 0 0 0 0
0.095 0 0 0 0 0 0 0 0 0 0 0
0.128 0 0 0 0 0 0 0 0 0 0 0
0.158 0 0 0 0 0 0 0 0 0 0 0
0.286 0 0 0 0 0 0 0 0 0 0 0
0.4 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
P6
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0.182 0 0 0 0 0 0
0.143 0 0 0 0 0 0
0.25 0 0 0 0 0 0
0 0 0 0 0 0 0
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3. P, Matrix for OCS
P1
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.324 0 0 0 0 0 0 0 0 0 0 0
0.209 0 0 0 0 0 0 0 0 0 0 0
0.232 0 0 0 0 0 0 0 0 0 0 0
0.225 0 0 0 0 0 0 0 0 0 0 0
0.246 0 0 0 0 0 0 0 0 0 0 0
0.232 0 0 0 0 0 0 0 0 0 0 0
0.124 0 0 0 0 0 0 0 0 0 0 0
0.136 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
P2
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0.207 0 0 0 0 0 0 0 0 0 0
0.242 0 0 0 0 0 0 0 0 0 0
0.311 0 0 0 0 0 0 0 0 0 0
0.381 0 0 0 0 0 0 0 0 0 0
0.361 0 0 0 0 0 0 0 0 0 0
0.433 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
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P3
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0 o 0 0 0 0 0 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.320 0 0 0 0 0 0 0 0 0 0 0
0 0
0.347 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.266 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.159 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.092 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.093 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.138 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.1670 0 0 0 0 0 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0




0 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0
o 0 0 0 0 0 0 0 0 0 0 0 0
0
o o 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0
0.115 0 0 0 0 0 0 0 0 0 0 0 0
0
0.342 0 0 0 0 0 0 0 0 0 0 0 0
0
0.2660 0 0 0 0 0 0 0 0 0 0 0
0
0.2630 0 0 0 0 0 0 0 0 0 0 0
0
0.1410 0 0 0 0 0 0 0 0 0 0 0
0
0.143 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0




0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0.021 0 0 0 0 0 0 0 0 0 0 0
0.037 0 0 0 0 0 0 0 0 0 0 0
0.104 0 0 0 0 0 0 0 0 0 0 0
0.13 0 0 0 0 0 0 0 0 0 0 0
0.16 0 0 0 0 0 0 0 0 0 0 0
0.286 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
P6
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0 0 0 0 0 0 0
0.133 0 0 0 0 0 0
0.2 0 0 0 0 0 0
0.167 0 0 0 0 0 0
0 0 0 0 0 0 0
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APPENDIX D. PROMOTION RATE (B)
I. Promotion Rate (B) for MA
BI
0.924 0 0 0 0 0 0 0
0.924 0 0 0 0 0 0 0
0.924 0 0 0 0 0 0 0
0.931 0 0 0 0 0 0 0
0.85 0 0 0 0 0 0 0
0.604 0 0 0 0 0 0 0
0.4 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
B2
0.912 0 0 0 0 0 0 0 0 0
0.912 0 0 0 0 0 0 0 0 0
0.912 0 0 0 0 0 0 0 0 0
0.912 0 0 0 0 0 0 0 0 0
0.916 0 0 0 0 0 0 0 0 0
0.909 0 0 0 0 0 0 0 0 0
0.885 0 0 0 0 0 0 0 0 0
0.827 0 0 0 0 0 0 0 0 0
0.791 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
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B3
0.771 0 0 0 0 0 0 0 0 0 0 0 0
0.771 0 0 0 0 0 0 0 0 0 0 0 0
0.771 0 0 0 0 0 0 0 0 0 0 0 0
0.771 0 0 0 0 0 0 0 0 0 0 0 0
0.771 0 0 0 0 0 0 0 0 0 0 0 0
0.771 0 0 0 0 0 0 0 0 0 0 0 0
0.745 0 0 0 0 0 0 0 0 0 0 0 0
0.676 0 0 0 0 0 0 0 0 0 0 0 0
0.523 0 0 0 0 0 0 0 0 0 0 0 0
0.311 0 0 0 0 0 0 0 0 0 0 0 0
0.367 0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
B4
0.456 0 0 0 0 0 0 0 0 0 0 0
0.456 0 0 0 0 0 0 0 0 0 0 0
0.456 0 0 0 0 0 0 0 0 0 0 0
0.456 0 0 0 0 0 0 0 0 0 0 0
0.475 0 0 0 0 0 0 0 0 0 0 0
0.505 0 0 0 0 0 0 0 0 0 0 0
0.555 0 0 0 0 0 0 0 0 0 0 0
0.566 0 0 0 0 0 0 0 0 0 0 0
0.581 0 0 0 0 0 0 0 0 0 0 0
0.596 0 0 0 0 0 0 0 0 0 0 0
0.519 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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B5
0.382 0 0 0 0 0 0 0 0 0 0 0 0
0
0.382 0 0 0 0 0 0 0 0 0 0 0 0
0
0.382 0 0 0 0 0 0 0 0 0 0 0 0
0
n.382 0 0 0 0 0 0 0 0 0 0 0 0
0
0.382 0 0 0 0 0 0 0 0 0 0 0 0
0
0.332 0 0 0 0 0 0 0 0 0 0 0 0
0
0.264 0 0 0 0 0 0 0 0 0 0 0 0
0
0.212 0 0 0 0 0 0 0 0 0 0 0 0
0
0.165 0 0 0 0 0 0 0 0 0 0 0 0
0
0.1010 0 0 0 0 0 0 0 0 0 0 0
0
0.055 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0




0.37 0 0 0 0 0 0 0 0 0 0
0.37 0 0 0 0 0 0 0 0 0 0
0.37 0 0 0 0 0 0 0 0 0 0
0.338 0 0 0 0 0 0 0 0 0 0
0.282 0 0 0 0 0 0 0 0 0 0
0.19 0 0 0 0 0 0 0 0 0 0
0.14 0 0 0 0 0 0 0 0 0 0
0.135 0 0 0 0 0 0 0 0 0 0
0.13 0 0 0 0 0 0 0 0 0 0
0.083 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
69
2. Promotion Rate (B) for OMS
BI
0.876 0 0 0 0 0 0 0
0.876 0 0 0 0 0 0 0
0.876 0 0 0 0 0 0 0
0.876 0 0 0 0 0 0 0
0.789 0 0 0 0 0 0 0
0.586 0 0 0 0 0 0 0
0.308 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
B2
0.805 0 0 0 0 0 0 0 0 0
0.805 0 0 0 0 0 0 0 0 0
0.805 0 0 0 0 0 0 0 0 0
0.805 0 0 0 0 0 0 0 0 0
0.808 0 0 0 0 0 0 0 0 0
0.748 0 0 0 0 0 0 0 0 0
0.697 0 0 0 0 0 0 0 0 0
0.684 0 0 0 0 0 0 0 0 0
0.6 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0
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83
0.812 0 0 0 0 0 0 0 0 0 0 0 0
0.812 0 0 0 0 0 0 0 0 0 0 0 0
0.812 0 0 0 0 0 0 0 0 0 0 0 0
0.812 0 0 0 0 0 0 0 0 0 0 0 0
0.812 0 0 0 0 0 0 0 0 0 0 0 0
0.812 0 0 0 0 0 0 0 0 0 0 0 0
0.776 0 0 0 0 0 0 0 0 0 0 0 0
0.664 0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0 0 0
0.472 0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
B4
0.578 0 0 0 0 0 0 0 0 0 0 0
0.578 0 0 0 0 0 0 0 0 0 0 0
0.578 0 0 0 0 0 0 0 0 0 0 0
0.578 0 0 0 0 0 0 0 0 0 0 0
0.578 0 0 0 0 0 0 0 0 0 0 0
0.605 0 0 0 0 0 0 0 0 0 0 0
0.643 0 0 0 0 0 0 0 0 0 0 0
0.616 0 0 0 0 0 0 0 0 0 0 0
0.469 0 0 0 0 0 0 0 0 0 0 0
0.333 0 0 0 0 0 0 0 0 0 0 0
0.2 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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B5
0.25 0 0 0 0 0 0 0 0 0 0 0
0.25 0 0 0 0 0 0 0 0 0 0 0
0.25 0 0 0 0 0 0 0 0 0 0 0
0.25 0 0 0 0 0 0 0 0 0 0 0
0.272 0 0 0 0 0 0 0 0 0 0 0
0.272 0 0 0 0 0 0 0 0 0 0 0
0.285 0 0 0 0 0 0 0 0 0 0 0
0.307 0 0 0 0 0 0 0 0 0 0 0
0.368 0 0 0 0 0 0 0 0 0 0 0
0.572 0 0 0 0 0 0 0 0 0 0 0
0.4 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
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0.143 0 0 0 0 0 0
0.143 0 0 0 0 0 0
0.191 0 0 0 0 0 0
0.364 0 0 0 0 0 0
0.286 0 0 0 0 0 0
0.25 0 0 0 0 0 0
0 0 0 0 0 0 0
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3. Promotion Rate (B) for OCS
B1
0.766 0 0 0 0 0 0 0 0 0 0 0
0.766 0 0 0 0 0 0 0 0 0 0 0
0.766 0 0 0 0 0 0 0 0 0 0 0
0.774 0 0 0 0 0 0 0 0 0 0 0
0.682 0 0 0 0 0 0 0 0 0 0 0
0.632 0 0 0 0 0 0 0 0 0 0 0
0.565 0 0 0 0 0 0 0 0 0 0 0
0.487 0 0 0 0 0 0 0 0 0 0 0
0.368 0 0 0 0 0 0 0 0 0 0 0
0.216 0 0 0 0 0 0 0 0 0 0 0
0.136 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
B2
0.768 0 0 0 0 0 0 0 0 0 0
0.768 0 0 0 0 0 0 0 0 0 0
0.768 0 0 0 0 0 0 0 0 0 0
0.778 0 0 0 0 0 0 0 0 0 0
0.749 0 0 0 0 0 0 0 0 0 0
0.709 0 0 0 0 0 0 0 0 0 0
0.669 0 0 0 0 0 0 0 0 0 0
0.579 0 0 0 0 0 0 0 0 0 0
0.433 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0
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B3
0.644 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.644 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.644 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.66 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.68 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.705 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.605 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.448 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.309 0 0 0 0 0 0 0 0 0 0 0 0
0 0
0.2610 0 0 0 0 0 0 0 0 0 0 0
0 0
0.2560 0 0 0 0 0 0 0 0 0 0 0
0 0
0,2420 0 0 0 0 0 0 0 0 0 0 0
0 0
0.1670 0 0 0 0 0 0 0 0 0 0 0
0 0
0 0 0 0 0 0 0 0 0 0 0 0 0
0 0




0.560 0 0 0 0 0 0 0 0 0 0 0
0
0.56 0 0 0 0 0 0 0 0 0 0 0 0
0
0.563 0 0 0 0 0 0 0 0 0 0 0 0
0
0.574 0 0 0 0 0 0 0 0 0 0 0 0
0
0.590 0 0 0 0 0 0 0 0 0 0 0
0
0.609 0 0 0 0 0 0 0 0 0 0 0 0
0
0.641 0 0 0 0 0 0 0 0 0 0 0 0
0
0.661 0 0 0 0 0 0 0 0 0 0 0 0
0
0.533 0 0 0 0 0 0 0 0 0 0 0 0
0
0.415 0 0 0 0 0 0 0 0 0 0 0 0
0
0.235 0 0 0 0 0 0 0 0 0 0 0 0
0
0.1430 0 0 0 0 0 0 0 0 0 0 0
0
0 0 0 0 0 0 0 0 0 0 0 0 0
0




0.14 0 0 0 0 0 0 0 0 0 0 0
0.146 0 0 0 0 0 0 0 0 0 0 0
0.16 0 0 0 0 0 0 0 0 0 0 0
0.179 0 0 0 0 0 0 0 0 0 0 0
0.205 0 0 0 0 0 0 0 0 0 0 0
0.239 0 0 0 0 0 0 0 0 0 0 0
0.286 0 0 0 0 0 0 0 0 0 0 0
0.304 0 0 0 0 0 0 0 0 0 0 0
0.32 0 0 0 0 0 0 0 0 0 0 0
0.286 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0
B6
0.172 0 0 0 0 0 0
0.2 0 0 0 0 0 0
0.278 0 0 0 0 0 0
0.333 0 0 0 0 0 0
0.3 0 0 0 0 0 0
0.167 0 0 0 0 0 0
0 0 0 0 0 0 0
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APPENDIX E. THE RESULTS OF STOCK COMPUTATIONS
1. The Results of Stocks for MA
Table 26. THE NUMBER OF STOCKS FOR MA
YEARS RANK
YEARS 2nd Lt 1st Lt Capt Maj LCol Col
0-1 335 309 282 218 99 38
1- 2 335 309 282 218 99 38
2- 3 335 309 282 218 99 38
3-4 332 309 282 218 99 36
4-5 115 285 282 209 99 33
5-6 25 209 282 196 92 29
6- 7 9 113 229 179 83 23
7- 8 2 46 148 131 73 17
8-9 0 20 71 78 59 11
9-10 0 1 29 39 42 6
10-11 0 0 14 13 26 1
11- 12 0 0 4 1 12 0
12- 13 0 0 1 0 5 0
13 - 14 0 0 0 0 1 0
Total 1488 1910 2188 1718 888 270
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2. The Results of Stocks for OMS
Table 27. THE NUMBER OF STOCKS FOR OMS
YEARS RANK
2nd Lt 1st Lt Capt Maj LCol Col
0-1 534 468 377 306 177 44
1-2 534 468 377 306 177 44
2- 3 534 468 377 306 177 33
3-4 534 468 377 306 177 17
4-5 254 419 377 306 162 11
5-6 110 257 377 292 139 6
6- 7 41 156 317 274 99 3
7- 8 14 90 183 197 61 0
8 -9 0 47 98 101 30 0
9- 10 0 19 57 52 11 0
10- 11 0 0 32 24 8 0
11- 12 0 0 13 6 5 0
12- 13 0 0 5 0 0 0
Total 2555 2860 2967 2476 1223 158
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3. The Results of Stocks for OCS
Table 28. THE NUMBER OF STOCKS FOR OCS
YEARS RANK
2nd Lt 1st Lt Capt Maj LCol Col
0-1 564 432 332 214 120 17
1- 2 564 432 332 214 115 14
2- 3 564 432 332 213 105 10
3-4 558 427 324 209 94 9
4-5 369 325 315 203 82 6
5- 6 276 232 304 197 63 3
6- 7 196 138 193 187 45 2
7- 8 136 69 111 149 27 0
8- 9 89 35 65 89 14 0
9- 10 56 13 38 57 8 0
10-11 38 9 25 37 4 0
11- 12 0 0 17 24 1 0
12- 13 0 0 10 16 0 0
13 -14 0 0 6 12 0 0
14- 15 0 0 3 0 0 0
Total 3435 2544 2407 1821 678 61
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